= The dynamics of the Sicily Channel and the southern Tyrrhenian Sea are highly influenced by the seasonal variability of the Mediterranean basin-wide circulation, by the interannual variability of the numerous mesoscale structures present in the Channel, and by the decadal variability of the adjacent Ionian Sea. In the present study, all these aspects are investigated using in-situ (Lagrangian drifter trajectories and Argo float profiles) and satellite data (Absolute Dynamic Topography, Sea Level Anomaly, Sea Surface Temperature, wind products) over the period from 1993 to 2018. The availability of long time series of data and high-resolution multisensor surface currents allow us to add new details on the circulation features and on their driving mechanisms and to detect new permanent eddies not yet described in literature. The structures prevailing in winter are mainly driven by wind, whereas those prevailing in summer are regulated by topographical forcing on surface currents. The strength of the surface structures located at the western entrance of the Ionian Sea and of the mesoscale activity along the northern Sicily coast is modulated by the large-scale internal variability. The vertical hydrological characteristics of these mesoscale eddies are delineated using the Argo float profiles inside these structures Abstract: The dynamics of the Sicily Channel and southern Tyrrhenian Sea is highly influenced by 19 the seasonal variability of the Mediterranean basin-wide circulation, by the interannual variability 20 of the numerous mesoscale structures present in the Channel, and by the decadal variability of the 21 adjacent Ionian Sea. In the present study, all these aspects are investigated using in-situ (Lagrangian 22 drifter trajectories and Argo float profiles) and satellite data (Absolute Dynamic Topography, Sea 23 Level Anomaly, Sea Surface Temperature, wind products) over the period 1993-2018. The 24 availability of long time series of data and high resolution multi-sensor surface currents, allow us to 25 add new details on the circulation features and on their driving mechanisms and to detect new 26 permanent eddies not yet described in literature. The structures prevailing in winter are mainly 27 driven by wind, whereas those prevailing in summer are regulated by topographical forcing on 28 surface currents. The strength of the surface structures located at the western entrance of the Ionian 29 Sea and of the mesoscale activity along the northern Sicily coast is modulated by the large-scale 30 internal variability. The vertical hydrological characteristics of these mesoscale eddies are 31 delineated using the Argo float profiles inside these structures.
large-scale Mediterranean thermohaline circulation, the wind-driven currents along the shelf, the 48 upwelling events off Sicily, the sub-basin scale and mesoscale permanent and quasi-permanent 49 structures [1, 3, 7, 8, 9] . The recent results of AW circulation schemes, derived by numerical model 50 simulation [1, 3] , are summarized in Figure 1b 
141
Wind stress and wind stress vorticity fields were used to speculate on the link between the wind 142 variations and the seasonal and/or interannual variability of mesoscale structures.
143
Monthly means of the AGV and optimal currents fields were used to estimate the relative vorticity 144 ( ), defined as the vertical component of the velocity field curl:
146
where U and V are the velocity components. The resulting current vorticity fields were spatially 147 averaged in the regions of the main mesoscale structures listed in Table 1 and filtered (13-month 148 moving average) in order to remove the seasonal and intra-annual variations. 
186
The higher spatial resolution of the mean circulation derived by optimal currents (2012-2016; Figure   187 2b) permits a more detailed description of the mesoscale structure of the SC and the southern September 2012 but it was not described by these authors; hereafter it will be defined as the Northern
191
Sicily Anticyclone (NSA). Another mesoscale anticyclone is located at the entrance of the SC (37.5-192 38°N; 11.5-12°E) and represents a kind of watershed between the waters entering the Tyrrhenian Sea
193
(Bifurcation Tyrrhenian Current -BTC) and those entering the SC; hereafter we will define it as the 
201
(ABV; 37-37.5°N; 12-13°E) is detected by the three datasets (drifter, altimetry and optimal currents) 202 but the vortex is not well resolved by any of them; it appears more like a cyclonic meander rather 203 than a vortex (Figure 2 , upper panels).
204
In the study area the mean wind stress is oriented to the east in the southern Tyrrhenian Sea and to 
Seasonal variability of currents and wind fields 226
The seasonal variability of the drifter-derived and optimal current fields is shown in Figure 3 together 227 with the altimetry data. Results substantially confirm the paths described in [9], but add new insights.
228
The BTC is a permanent feature as shown by [1], and it is stronger in winter (Figures 3b and 3d; 229 winter speeds larger than 20 cm/s; mean summer speeds of ~ 10 cm/s), whereas the NSA is much 262 the AIS is stronger in summer (Figure 3a) , when the wind stress is weaker (Figure 4a ) and its meander 263 on the Malta Plateau (the MCC) is anticyclonic, although the vorticity induced by the wind in this 264 region is substantially cyclonic (Figure 4c ). Along the northern coast of the Sicily, the amplitude of 265 the wind stress and the anticyclonic vorticity induced by the wind are stronger in winter (Figure 4) ,
266
whereas the strengthening of the NSA is observed in summer (Figures 3a and 3c ). This result suggests 291 current anomalies are oriented in an opposite direction with respect to the mean field) and larger during the cyclonic mode (Figure 5b ). Along the northern coast of the Sicily, the NSA is reduced in 293 intensities with respect to the mean field during the anticyclonic mode ( Figure 5a ; the current 294 anomalies are oriented ciclonically) and increased during the cyclonic mode.
295
The largest variations are observed east of 15°E, in agreement with the results of [24] . The MRV and 296 the SISV are less intense than the mean currents during the anticyclonic mode ( Figure 5a ) and slightly 297 more intense during the cyclonic mode (Figure 5b) . The AIS tends to be deflected towards the 298 northern Ionian during the anticyclonic circulation mode (northeastward currents along the Sicily 299 eastern coast) and the MIJ is reduced in intensity with respect to the mean currents (Figure 5a ).
300
During the cyclonic circulation mode the AIS feeds the MIJ, that shows larger intensities with respect 301 to the mean, and the currents are mainly directed southwestward along the western coasts of the 302 Ionian Sea (Figure 5b ). 
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The vertical structure of the NSA is defined by the profiles of the float WMO 6900981 that circulates 337 on the border of the NSA between late April 2012 and early January 2013 (Figures 7a and 7b ). This 
400
The float WMO 6903242, became entrapped in the anticyclonic SMA in mid-September 2018, 401 therefore describes five loops around the eddy core before being captured by the eastward BATC
402
( Figure 12a ). It had a short cycling period (see Table 2 ) and its trajectory indicates the mean near Table 2 ), we can conclude that the cyclonic structure 421 affects the entire water column in this area. Table 2 ), its displacements represent the 430 current at 350 m depth due to the bathymetry of the LSBV region (see Figures 1a and 14b ). We can 431 conclude that the cyclonic structure affects the entire water column in this area (Figure 14b ). Figure 15a show an inconsistency between 440 the vorticity derived from AGV and those derived from the optimal currents in the region of the SISV.
441
From the optimal currents validation carried out by [15] , this structure lies in an area where the 442 method degrades the quality of the surface currents (in particular of the meridional component) when 443 compared with the AGV(see Figure 10 of [15] ). Therefore the optimal currents could not be consistent 
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The float WMO 1900954, coming from the eastern Ionian, was entrapped in the SISV in December 461 2017 ( Figure 16a ) and shown an increase of density with respect to the water located north of this 462 mesoscale structure (Figure 16b ). Even if the float WMO 1900954 has a parking depth of 1000 m (see 463   Table 2 ), its displacements represent the current at about 500 m depth due to the bathymetry of the 464 SISV region (see Figures 1a and 16b) . The vertical extension of the SISV is about 100 m (Figure 16b ). 
Discussion and Conclusions

470
The main findings of this work are summarized in Figure 17 , where a schematic diagram of the 471 surface circulation, based on the mean circulation map depicted in Figure 2b , is presented. In 472 Figure 17a the main circulation structures are classified according to their seasonal variability, 473 whereas in Figure 17b they are identified based on the main forcing factor that determines them.
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